We present a multi-wavelength photometric catalog in the COSMOS field as part of the observations by the Cosmic Assembly Near-infrared Deep Extragalactic Legacy Survey (CANDELS). The catalog is based on Hubble Space Telescope Wide Field Camera 3 (HST/WFC3) and Advanced Camera for Surveys (ACS) observations of the COSMOS field (centered at RA: 10 h 00 m 28 s , Dec:+02
INTRODUCTION
The Cosmic Assembly Near-infrared Deep Extragalactic Legacy Survey (CANDELS: PI. S. Faber and H. Ferguson; see Grogin et al. 2011 and Koekemoer et al. 2011 ) is the largest Multi-Cycle Treasury (MCT) program ever approved on the HST, with more than 900 orbits, and it was designed to use deep observations by the Wide Field Camera 3 (WFC3) and Advanced Camera for Surveys (ACS) instruments to study galaxy formation and evolution throughout cosmic time in five fields in many different bands. The observations were done by the HST/WFC3 as the main mode with ACS observations in parallel. The CANDELS images are publicly available, and multi wavelength photometric catalogs are made available by the CANDELS team following the release of the images. All CANDELS photometric catalogs were selected based on the WFC3 F160W band and this is the reference image for all the other HST and non-HST data. This provides a data-set with consistent photometry and physical properties across all the fields targeted as part of the survey. The CANDELS catalogs for the first two observed fields of UDS and GOODS-S (Galametz et al. 2013; Guo et al. 2013 ) are already publicly available 1 and the three fields of COSMOS (this work), EGS (Stefanon et al. 2016) and GOODS-N (Barro et al., in prep.) are in progress. The CANDELS observations are aimed at achieving several major science goals that could only be attained with data at the depth and resolution of CAN-DELS. These include studying the most distant objects in the Universe at the epoch of reionization in the cosmic dawn (e.g. Finkelstein et al. 2012a; Grazian et al. 2012; Yan et al. 2012; Lorenzoni et al. 2013; Oesch et al. 2013; Duncan et al. 2014; Bouwens et al. 2015; Giallongo et al. 2015; Finkelstein et al. 2015; Song et al. 2015; RobertsBorsani et al. 2015; Caputi et al. 2015; Mitchell-Wynne et al. 2015) , understanding galaxy formation and evolution during the peak epoch of star formation in the cosmic high noon (e.g. Bruce et al. 2012; Bell et al. 2012; Kocevski et al. 2012; Wuyts et al. 2013; Lee et al. 2013; Hemmati et al. 2014; Barro et al. 2014; Whitaker et al. 2014; Williams et al. 2015; Hemmati et al. 2015) and studying star-formation from deep UV observations and cosmological studies from supernova observations (e.g. Jones et al. 2013; Teplitz et al. 2013; Rodney et al. 2014; Strolger et al. 2015; Rodney et al. 2016 ). These main science goals are described in more detail by Grogin et al. (2011) and Koekemoer et al. (2011) .
One of the major goals of modern observational cosmology is to study the formation and evolution of galaxies with cosmic time. Recent advances in this frontier have been enabled by the availability of observations in different wavelengths, targeting different populations of galaxies (e.g. York et al. 2000; Giavalisco et al. 2004; Skrutskie et al. 2006; Lawrence et al. 2007; Scoville et al. 2007b; Wolf et al. 2003; Bell et al. 2004; Faber et al. 2007; Ilbert et al. 2013; Khostovan et al. 2015; Hemmati et al. 2016; Vasei et al. 2016; Shivaei et al. 2015) . The advent of the HST benefited many such studies by making it possible to have the deepest observations of the sky in multiple bands. In particular the installation of the Wide Field Camera 3 (WFC3) on board HST initiated a new stage for studying galaxy evolution at new extremes (McLeod et al. 2015; Oesch et al. 2016) .
Galaxy populations at different look-back times range from very blue star forming galaxies to red dusty or very old systems. Understanding the evolution of these populations relies on the availability of multi-wavelength photometric data from the bluest to the reddest bands possible. The CANDELS multi-wavelength catalogs combine the best and deepest observations by the HST with the deepest ground-based observations and Spitzer Space Telescope data (Galametz et al. 2013; Guo et al. 2013) . These catalogs of tens of thousands of extragalactic sources, consistently measured across many bands from ∼ 0.3 − 8 µm, bring a unique opportunity to study galaxy evolution.
The Cosmic Evolution Survey (COSMOS; Scoville et al. 2007b) celestial equator. It was initially picked to maximize the visibility from observatories from both hemispheres and was specifically chosen to avoid any bright X-ray, UV or radio sources (Scoville et al. 2007b) and to be large enough for studies of large scale structure (e.g. Scoville et al. 2007a; Kovač et al. 2010; Scoville et al. 2013; Darvish et al. 2014 Darvish et al. , 2015b .
The COSMOS field was targeted by CANDELS in a north-south strip, lying within the central ultra-deep strip of the UltraVISTA imaging (McCracken et al. 2012) and hence also the Spitzer SEDS imaging (Ashby et al. 2013) in order to ensure the best possible supporting data at longer near-infrared wavelengths. The HST observations cover an area of 216 arcmin 2 in the WFC3/IR with parallel ACS observations. The catalog was selected in the HST/WFC3 F160W band and has multiband data for 38671 objects from ∼0.3 to 8 µm. These fluxes are measured consistently across all these bands and in agreement with photometry measurement techniques adopted by all CANDELS catalogs. We use the unprecedented depth and resolution provided by the HST for measuring the flux of the faintest targets across all bands. By fitting this multi-waveband information with template libraries, we also measured photometric redshift and stellar mass for each object.
The paper is organized as follow. Section 2 presents the data used to compile the catalog. Section 3 describes our photometry of the HST, Spitzer and ground-based bands. Section 4 is devoted to data quality checks for our TFIT photometry. Physical parameter estimation using the measured photometry is presented in Section 5. In Section 6 we investigate the applications of our deep photometry on studies of high redshift star forming and quiescent galaxies. We summarize our results in Section 7. Throughout this paper we assume a cosmological model with H 0 = 70 kms −1 Mpc −1 , Ω m = 0.3 and Ω Λ = 0.7. All magnitudes are in the AB system where m AB = 23.9 − 2.5 × log(f ν /1µJy) (Oke & Gunn 1983) .
The CANDELS COSMOS photometry catalog will be publicly available through the CANDELS website 2 along with the physical properties estimates and all the documentations. These will also be available on the Mikulski Archive for Space Telescopes (MAST) 3 , via the online version of the catalog and through Centre de Donnees astronomiques de Strasbourg (CDS). We will also make these data available through the Rainbow Database 4 (Pérez- González et al. 2008; Barro et al. 2011 ).
2. DATA The COSMOS field (Scoville et al. 2007b ) has been observed in many different wavelengths from the Xray to the far infrared. There are observations from the CFHT/MegaPrime in the u * , g * , r * , i * and z * (Gwyn 2012) , from the Subaru/Suprime-Cam in the B, g + , V , r + , i + and z + (Taniguchi et al. 2007) , from the VLT/VISTA in the Y , J, H and K s bands (McCracken et al. 2012) , from Spitzer in the four IRAC bands (Sanders et al. 2007; Ashby et al. 2013) , VLA (Schinnerer et al. 2007) , XMM Cappelluti et al. 2007 ), Chandra (Elvis et al. 2009 ; Civano Tables 1 and 2. et al. 2016) and GALEX (Schiminovich et al. 2005 ). There are also numerous medium and narrow-band observations available in the COSMOS from the Mayall NEWFIRM (Whitaker et al. 2011) and Subaru SuprimeCam (Taniguchi et al. 2015) . The full COSMOS field has been observed with HST in F814W (Koekemoer et al. 2007 ) and contains more than 2 million galaxies with multi-band data from the UV to the far-IR (Mobasher et al. 2007; Capak et al. 2007; Ilbert et al. 2009 Ilbert et al. , 2013 . Furthermore, COSMOS has been followed up spectroscopically by the larger and most sensitive telescopes/instruments like VLT/VIMOS (e.g. Lilly et al. 2009; Le Fèvre et al. 2015) and Keck/DEIMOS and MOSFIRE among others 5 . This makes it possible to study different populations of galaxies from blue and young systems at shorter wavelengths to red dusty or old objects at longer wavelengths. These ancillary data are accompanied by high resolution observations from CANDELS using the Hubble Space Telescope in both visible and near infrared. Figure 1 shows the transmission curves for all bands included in the CANDELS COSMOS catalog.
CANDELS HST Observations
The CANDELS COSMOS field was observed by the Wide Field Camera 3 (WFC3) in F125W and F160W (J 125 and H 160 ) and in parallel by the Advanced Camera for Surveys (ACS) in the F606W and F814W filters (V 606 and i 814 ). The WFC3 observations covered a rectangular grid of 4 × 11 tiles (∼ 8 .6 × 23 .8) running north to south allowing for maximum contiguous coverage in the near infrared. The field was observed over two epochs with each tile observed for one orbit in each epoch. The one orbit observations were divided into two exposures in F125W (∼ 1/3 orbit depth) and F160W (∼ 2/3 orbit depth) along with parallel ACS observations in the F606W and F814W (Koekemoer et al. 2011; Grogin et al. 2011) . The exposures in each orbit were dithered using a small scale pattern providing half-pixel subsampling of the PSF and also ensuring that the hot pixels and persistences were moved around. The output is a calibrated and astrometry-corrected mosaics of all the exposures in the four individual HST bands. The astrometry is based on the CFHT/MegaCam i * imaging supplemented by deep Subaru/Suprime-Cam i + imaging with absolute astrometry registered to the VLA 20 cm survey of the COSMOS field (Schinnerer et al. 2007 ; see also Koekemoer et al. 2007) . This is also the adopted reference grid by the COSMOS team ). All the ground-based and Spitzer data (described in the next Section) were aligned to the HST data astrometry using SWARP. For the present work we used the V0.5 release of the HST/ACS and WFC3 data available from Figure 2 . Sky coverage of data in the COSMOS field. The WFC3 F160W mosaics are shown as the grey shaded region. The entire WFC3 footprint is covered by the CFHT, Subaru and UltraVISTA observations (which are much larger than the scales of this Figure) .
the CANDELS website
6 . The observation depth, effective wavelength and the PSF information for each of the HST filters are summarized in Table 1 .
Ground-based Observations
The full COSMOS field was targeted by the Canada-France-Hawaii Telescope (CFHT) 3.6 m telescope MegaPrime instrument in the u * , g * , r * , i * and z * optical bands as part of the CFHT Legacy Survey 7 with COSMOS being in the second Deep field. The MegaCam/MegaPrime camera used for the observations has a pixel scale of 0.187 arcsec pixel −1 (Boulade et al. 2003 ). The final images are from MegaPipe 8 (Gwyn 2008 ) with zero point adjustments. The image processing and stacking of the data is further described by Gwyn (2012) . In this work we used the CFHTLS D2 mosaics 2009 release accessible from the CADC 9 . The COSMOS field was also observed by the Subaru/Suprime-Cam in the B, g + , V , r + , i + and z + broad-band filters. The Suprime-Cam has a field of view of 34 × 27 with a pixel scale of 0.202 arcsec pixel −1 . The data were processed using the IMCAT package 10 . The individual frames were combined, flat-fielded and photometry and astrometry calibrated. We refer the reader to Capak et al. (2007) and Taniguchi et al. (2007 Taniguchi et al. ( , 2015 for further description of the observations and data processing. There is also further observations of the COS-MOS field by Subaru/Suprime-Cam in twelve intermediate bands along with narrow-band data across two filters Taniguchi et al. 2007 Taniguchi et al. , 2015 covering the wavelength range of ∼ 4000 − 8500Å. These observations were processed similarly to the broad-band optical data discussed above (Taniguchi et al. 2015) . Although slightly shallower than the optical broad-band observations, these filters have higher resolving power than the former (with R = λ/∆λ ∼ 23; Taniguchi et al. 2015) , equivalent to low resolution spectroscopy in the optical. The resolving power is even higher for the two narrow-band filters (R ∼ 50 − 100; Taniguchi et al. 2015) although with smaller wavelength coverage. This provides a unique dataset for studying emission line galaxies and high-redshift systems such as Lyman-α emitters (Shimasaku et al. 2006; Iwata et al. 2009; Koyama et al. 2014) . . Left: The number of galaxies in the CANDELS COSMOS catalog in bins of F160W magnitude (black filled circles). The number counts of the cold-mode selected galaxies (bright sample) and hot-mode only selected galaxies (faint sample) are shown in blue and red respectively. The uncertainties associated with the total counts are Poisson errors. The counts and the associated uncertainties are reported in Table 3 . Right: Number counts of the combined CANDELS COSMOS catalog compared to the CANDELS UDS (Galametz et al. 2013 ) and the 3D-HST COSMOS (Skelton et al. 2014 ).
The ground-based near infrared observations are from the Visible and Infrared Survey Telescope for Astronomy (VISTA; Emerson & Sutherland 2010) 4.1 m telescope VIRCAM large-format array camera (Dalton et al. 2006) in the Y , J, H and K s bands with mean pixel scale of 0.34 arcsec pixel −1 . The complete contiguous ∼ 1.5 deg 2 of UltraVISTA observations were done using a stripes pattern with ∼ 0.7 deg 2 of the field observed with longer exposure (in four stripes) separating the observations into deep and ultra-deep regions (McCracken et al. 2012) with the CANDELS HST observations inside one of the ultra-deep stripes. The data were pre-processed at CASU 12 , which includes dark subtraction, flat fielding, gain normalization and initial sky subtraction (Irwin et al. 2004; McCracken et al. 2012) . The data were further processed at TERAPIX using an iterative skybackground removal technique and resampled to a pixel scale of 0.15 arcsec pixel −1 . McCracken et al. (2012) give more details on the data processing. We used the final DR1 mosaics of the UltraVISTA data for the CANDELS multi-wavelength catalog 13 . The COSMOS field also has been observed by the NOAO Extremely Wide-Field Infrared Imager (NEW-FIRM) on the Mayall 4 m telescope as part of the NEW-FIRM Medium Band Survey 14 (NMBS; Whitaker et al. 2011) . The NEWFRIM observations in the COSMOS cover an area of 27 .6 × 27 .6 encompassing the CAN-DELS HST observations. The observations are over five medium-band filters of J 1 , J 2 , J 3 , H 1 and H 2 covering the wavelength of 1 − 1.8 µm and the K filter centered at 2.2 µm. The three medium-band J 1 , J 2 and J 3 filters are a single broad-band J filter split into three and the two medium-band H 1 and H 2 filters combine into a single broad-band H (van Whitaker et al. 2011 release of the NMBS data (DR1) of the COSMOS field available from the NOAO science archive 15 .
Spitzer InfraRed Observations
The COSMOS field was observed by the Spitzer Space Telescope IRAC instrument (Fazio et al. 2004 ) at 3.6 µm, 4.5 µm, 5.8 µm, 8.0 µm as part of the S-COSMOS (Sanders et al. 2007) .
The 3.6 µm and 4.5 µm bands have much deeper data from the Spitzer Extended Deep Survey 16 (SEDS; Ashby et al. 2013 ). The SEDS observations cover a strip of 10 × 1
• oriented North-South coinciding with the deep VISTA data mentioned above and incorporate previous 3.6 µm and 4.5 µm data from the S-COSMOS providing a uniform depth of 26 mag (3σ) for all observations (Ashby et al. 2013) . The 5σ limiting magnitude and FWHM size of the PSF in each IRAC band are reported in Table  1 . In this work we used the SEDS first data release (V1.2) (Ashby et al. 2013 ) available from https://www. cfa.harvard.edu/SEDS/data.html for photometry measurements in the 3.6 µm and 4.5 µm bands and the S-COSMOS Spitzer/IRAC 5.8 µm and 8.0 µm GO2 (V2) data (Sanders et al. 2007 ) available from http://irsa. ipac.caltech.edu/data/SPITZER/S-COSMOS/. Figure  2 shows the sky coverage of the different ground based and space data in the COSMOS CANDELS.
3. CATALOG PHOTOMETRY In generating the multi-wavelength catalog, the high resolution data (HST/ACS and WFC3) were treated differently from the low resolution data (ground-based and Spitzer IRAC).
HST Photometry
We performed photometry on the high resolution (ACS + WFC3) data using SExtractor software version 2.8.6 (Bertin & Arnouts 1996) in dual mode with the WFC3 F160W as the detection band consistently with the multi-wavelength catalogs in the other four CAN-DELS fields (Galametz et al. 2013; Guo et al. 2013) . SExtractor software was modified in several ways to enhance the sky measurement, add a new cleaning procedure and fix isophotal-corrected magnitude calculations 
with S(λ) the filter response function (Tokunaga & Vacca 2005) . ‡ : The 5σ limiting magnitude calculated within a circular aperture with a radius rap = FWHM of the PSF in each filter. (Tables 1 and 2 ) as a function of the wavelength. The symbol sizes are proportional to the filter response function widths.
as discussed by Galametz et al. (2013) . In order to measure the photometry in the visible bands we PSFmatched the ACS and WFC3 images and extracted the photometry from the matched images in dual mode. As shown in the photometric studies of the CANDELS UDS and CANDELS GOODS-S fields (Galametz et al. 2013; Guo et al. 2013) , it is impossible to identify all galaxies using a single set of parameters (signifying the area, signal to noise, background, etc) for the extraction. The challenge is to detect the brightest targets while avoiding blending and also detect the faintest objects without introducing spurious sources into the catalog. To this end we used two sets of SExtractor input parameters. One set of parameters is aimed at bright source detection with a focus on deblending extended sources (cold mode), and a second set on faint galaxies (hot mode). The two catalogs generated by the hot and cold parameters were then combined following a routine adopted from GALAPAGOS 17 (Barden et al. 2012 ). The combined catalog includes all the sources from the cold mode catalog plus sources in the hot mode catalog that do not exist in the cold mode as identified by the Kron ellipse of a cold mode detected source as discussed by Galametz et al. (2013) . Figure 3 shows the 1σ detection limit of the combined catalog computed over a circular aperture with a radius of 1 arcsec along with the cumulative distribution of the detection area and the exposure time distribution in the F160W band. Figure 4 shows the magnitude distribution of the sources in the hot, cold and combined catalogs along with the comparison of the F160W combined counts with the CANDELS UDS (Galametz et al. 2013 ) and 3D-HST (Skelton et al. 2014) . Table 3 gives the number counts in magnitude bins for the combined catalog along with the associated Poissonian uncertainties. At this stage we also assigned a photometry flag to every object in the catalog. The flagging system is the same as that adopted by the other CANDELS fields (Galametz et al. 2013; Guo et al. 2013 ) and discussed in detail by Galametz et al. (2013) . We use a zero for a good photometry in the flagging and assigned a value of one for bright stars and spikes associated with those stars as photometry for objects contaminated by this would be unreliable. A photometric flag of two is associated with the edges of the image as measured from the F160W RMS maps.
Ground-based and Spitzer Photometry
In order to measure the photometry in the groundbased and Spitzer bands, we used the Template FITting method (TFIT; Laidler et al. 2007) similarly to the other CANDELS multi-wavelength catalogs (Galametz et al. 2013; Guo et al. 2013 , Stefanon et al. 2016 . TFIT is a robust algorithm for measuring photometry in mixed resolution data sets. Sources that are well separated in the high resolution image (HST) could be blended in the low resolution image (ground-based or Spitzer). TFIT uses position and light profiles from the high resolution image to calculate templates that are used to measure the photometry in the low resolution image. It does that by smoothing the high resolution image to match the PSF of the low resolution image using a convolution kernel (Galametz et al. 2013; Guo et al. 2013) . Fluxes in the low resolution image are then measured using these templates while fitting the sources simultaneously.
TFIT requires some pre-processing of low resolution image in terms of orientation and pixel scale. The individual steps taken are:
Background Subtraction: The low resolution images must be background-subtracted before running TFIT. We used a background subtraction routine with several iterations that included a first estimate through smoothing the image on large scales followed by PSF smoothing and source masking that led to a noise map that was interpolated to determine the background (Galametz et al. 2013 ).
Image Scale: TFIT requires the low resolution image pixel scale to be an integer multiple of the high resolution detection image (0.06 arcsec pixel −1 for the F160W) and that both images have the same orientation. Furthermore the astrometry of the low resolution images must be consistent with the high resolution observations. We used SWARP to resample low resolution data sets to the next larger pixel scale that is an integer multiple of the WFC3 mosaic and also used it for astrometry and image alignment.
Point Spread Function and Kernel: The point spread function of both the high resolution and low resolution images are needed for the TFIT pre-processing. We constructed the PSF by stacking isolated and unsaturated stars in each band using custom IDL routines. We also constructed a kernel to convolve the high resolution templates to the low resolution ones. The kernel was constructed using a Fourier space analysis technique similar to Galametz et al. (2013) , which takes the ratio of the Fourier transform of each PSF. This gives the Fourier transform of the kernel which is then transformed back into normal space generating the kernel. As discussed by Galametz et al. (2013) a low passband filter is applied in the Fourier space to cancel the high frequency fluctuations and remove the effect of noise. For Spitzer/IRAC , which has the largest difference in resolution from HST, one could use the PSFs directly as the convolution kernel (Galametz et al. 2013) . We generated a model PSF by averaging a set of oversampled PSFs that measure PSF variations across the detector. The final PSF is a boxcar kernel smoothed and flux normalized model which also incorporates all the PAs associated with different Astronomical Observation Requests (AORs). We refer the reader to Galametz et al. (2013) and Guo et al. (2013) for more detail.
Dilation Correction for High Resolution Images: TFIT uses the area of the galaxy identified from the high resolution HST bands to measure the photometry. These are pixels defined by the high resolution segmentation maps and are fed into TFIT in the form of the isophotal areas of the high resolution image. However, as demonstrated by Galametz et al. (2013) , SExtractor usually underestimates the isophotal area of faint or small galaxies, and this leads to an underestimate of the flux for such systems. Galametz et al. (2013) performed extensive tests to quantify and correct for this effect, the so-called "dilation correction", by refining and applying the public dilate code. These simulations showed that the correction factor is negligible for objects with large isophotal areas and that it is largest for objects with area < 60 pixels. The original isophotal area size from SExtractor hence defines the dilation factor applied. We used the same criteria to correct our high resolution SExtractor segmentation maps as outlined by Galametz et al. (2013) and refer the reader to this work for further details. Even after this correction, the total flux measurement is always bound by uncertainties incorporated into the above assumptions and this constitutes one of the limitations of photometry estimation.
We ran TFIT in two stages. During the first step TFIT measured any remaining mis-alignment in the form of distortion or mis-registration between the high resolution and low resolution images in the form of shifted kernels (Laidler et al. 2007; Galametz et al. 2013; Guo et al. 2013 ). In the second step, TFIT used the kernels measured from the first step to correct the misalignment and construct a difference residual map of the low resolution bands. Figure 5 shows the TFIT residual maps in the low resolution visible, near-infrared and infrared bands along with the high resolution F160W detection band. The residual maps in the visible and near-infrared are close to zero and only show residuals in the center of very bright objects. However, as argued by Guo et al. (2013) , the residual maps are qualitative representations of the TFIT photometry measurements, and we later show in our data quality checks that the photometry is properly measured for these bright objects. Tables 1 and 2 summarize the PSF FWHMs used for the high and low resolution images.
The final F160W SExtractor catalog has 38671 sources over the 216 arcmin 2 area of the CANDELS COS-MOS field with WFC3 F160W observations. TFIT keeps the original F160W SExtractor ID and coordinates for each object in the combined hot+cold catalog and therefore we only need to combine corresponding entries from the high resolution and low resolution catalogs. Figure  6 shows the 5σ limiting depth for all the filters in the catalog as computed and tabulated in Tables 1 and 2 . We further derive and report a weight for each target in the catalog calculated from the F160W RMS maps at the SExtractor positions for each object as described in Guo et al. (2013) .
DATA QUALITY CHECKS
We checked the TFIT measured photometry by comparing it with other independently measured photometry in the field. Additionally we checked the colors of point sources in the catalog against model predictions and color-color plots.
Stars Color Checks
The color of stars changes as a function of their spectral type which in turn depends on the mass (and hence temperature) among other parameters (Kurucz 1979; Vandenberg 1985; Baraffe et al. 1998) . Using this, we could compare the measured color of the point-like objects in our catalog against predictions of the colors of stars derived from stellar physics. The predicted colors of stars were computed from the stellar library of BaSeL (Lejeune et al. 1997; Westera et al. 2002) to measure the model stellar colors. We present the comparisons on color-color plots using several observed filters. To measure the predicted photometry from the templates, we integrated the model stellar SED over the wavelength range of each filter taking into account the filter response functions. This provides the predicted colors of point sources. Figure 7 shows our TFIT measured colors for the point like objects compared to the colors from the BaSeL stellar library. The color trend of our point-like objects agrees with the general distribution of colors predicted by the stellar models. This further confirms our measured photometry, specifically for the brighter sources, and shows no systematic bias in the photometry. The scatter at the redder color is mostly associated with the fainter sources in the catalog and also due to the intrinsic scatter of colors inherent to the library because of the degeneracies among the different populations of stars.
Infrared Color Validation Check
A validation check of the infrared colors of objects in the catalog was done by using the Spitzer/IRAC TFIT measured photometry of galaxies to identify luminous . Color-color diagrams showing the TFIT color of stars (determined from SExtractor as objects with CLASS STAR > 0.9 and H 160 < 22 mag) in CANDELS COSMOS (blue) and model stars from the BaSeL library (black) (Lejeune et al. 1997; Westera et al. 2002) . The model colors of stars were computed in each filter by integrating the model SED of stars from the library over the filter transmission curves while the observed colors of the stars are directly from the TFIT catalog with no SED inferred zero-point corrections (Table 5) applied. The filters used are from http://cosmos.astro.caltech.edu/page/filterset. Active Galactic Nuclei (AGNs). Mid-infrared observations of galaxies have been used extensively to identify and study AGN host galaxies (e.g. Laurent et al. 2000; Farrah et al. 2007; Petric et al. 2011; Yan et al. 2013; Lacy et al. 2015) . Several recent studies have used wide and deep observations in the mid-infrared by Spitzer/IRAC to successfully identify large samples of AGNs using flux ratios (Lacy et al. 2004 (Lacy et al. , 2007 Stern et al. 2005 Stern et al. , 2012 Donley et al. 2012; Messias et al. 2012 ). These color selections are based on the power-law behavior of the midinfrared continuum of luminous AGNs caused by heated dust producing a thermal continuum (Neugebauer et al. 1979; Ivezić et al. 2002; Donley et al. 2012; Messias et al. 2012) . Figure 8 shows the TFIT measured IRAC color distributions of galaxies in our catalog that have a S/N > 5 in all four channels. According to these selections the red IRAC colors are expected to be dominated by emission from AGN-heated dust, as also predicted by previous studies of SDSS and radio-selected quasars (Lacy et al. 2004) , whereas any stellar components usually shifts the S 5.8 /S 3.6 ratio to bluer colors. The Donley et al. (2012) criteria are more conservative in selecting AGNs by removing star-forming and quiescent galaxies identified through other selection methods from optical and near-infrared observations (such as the BzK and LBG selections; Madau et al. 1996; Giavalisco 2002 ). Figure 8 also shows the IRAC color distribution of the X-ray detected sources in COSMOS ) along with the IRAC color distribution of point sources. The majority of the X-ray detected AGNs have IRAC color distributions consistent with the selections by Lacy et al. (2004) and Donley et al. (2012) . As discussed by Donley et al. (2012) , not all the X-ray luminous and IRAC detected sources are identified by AGN color criteria. In fact Donley et al. (2012) argue that the X-ray detected QSOs that fall outside the color criteria seem to be more heavily obscured with lower luminosity AGNs such that the host galaxy contributes more to the optical-near IR flux. The stellar sources and the general population however follow different IRAC color distributions as demonstrated by Lacy et al. (2004) and Donley et al. (2012) . We also present a check of stellar colors using IRAC 3.6 µm and 4.5 µm bands in Section 6.2 and Figure 22 , where our photometry is found to be consistent with synthetic colors.
Validation Checks with Public Photometry
We also checked the TFIT photometry by comparing it with the public photometry available from the 3D-HST survey 18 (Skelton et al. 2014) . The 3D-HST photometry was measured by SExtractor on PSFmatched combined HST/WFC3 images in three bands (F125W, F140W and F160W) as the detection (Skelton et al. 2014) . The HST images were reduced similarly to CANDELS using the same pixel scale and tangent point (Skelton et al. 2014) . Photometry on the low resolution bands was performed using the MOPHONGO code (Labbé et al. 2005 (Labbé et al. , 2006 Wuyts et al. 2007; Labbé et al. 2013 ) which takes into account the variations in the PSF size across different filters and in particular the source confusion problem in the low resolution images by using a combined PSF-matched WFC3 images as a high resolution image prior for photometry estimation (Labbé et al. 2005; Skelton et al. 2014) . The 3D-HST adjusted the AUTO fluxes by an aperture correction derived from growth curves and furthermore performed Galactic extinction corrections. The Galactic extinction correction was measured at the center of each filter and was based on Finkbeiner et al. (1999) . These corrections are relatively small ( ∼ < 0.07; Table 5 in Skelton et al. 2014) . We took this into account when comparing our fluxes with that of the 3D-HST. All fluxes in the 3D-HST catalogs were converted to AB magnitudes using a zero point of 25 (Skelton et al. 2014) . Figure 9 shows the comparison between TFIT measured photometry and the public photometry from the 3D-HST. For the source matching we used a radius equal to the FWHM size of the PSF in the F160W (∼ 0.17arcsec). We find good agreement between the measured fluxes in our catalog and that of the 3D-HST. The offset is generally ∼ < 0.1 mag. There is however a magnitude dependent trend when comparing the CANDELS and 3D-HST photometry. This is related to the difference in the photometry extraction between the CANDELS (TFIT) and the 3D-HST (aperture photometry with fixed apertures for each band; Tables 4-8 of Skelton et al. 2014) . Figure 10 shows the comparison between CANDELS COSMOS TFIT measured (Band − F160W) color and the corresponding colors of sources measured from the 3D-HST catalog (Skelton et al. 2014 ) as a function of the F160W magnitude. For both catalogs the 18 http://3dhst.research.yale.edu/Home.html F160W band is taken as the reference band for measuring the color. While comparing the Spitzer − F160W color for the different fields as a function of photometric redshift, we noticed a deviation of ∼ 0.6 mag between the colors in the COSMOS and GOODS-S fields for the red objects in the Spitzer 8.0 µm band. There is an offset (though smaller) in similar color between the 3D-HST COSMOS and GOODS-S fields. Looking at the variation of this color difference between the CANDELS COSMOS and 3D-HST as a function of the F160W, we notice that most of the difference is associated with objected fainter than ∼ 22 mag which is similar to our 5σ detection limit.
PHOTOMETRIC REDSHIFT AND STELLAR
MASS ESTIMATES The methods we used to measure the photometric redshifts and stellar masses are presented in Dahlen et al. (2013) and Mobasher et al. (2015) respectively. Measurements of these parameters are carried out for other CAN-DELS fields, including CANDELS UDS, CANDELS GOODS-S (Santini et al. 2015) , CANDELS EGS (Stefanon et al. 2016) and CANDELS GOODS-N (Barro et al. 2016, in prep.) .
Photometric Redshifts
We provided the CANDELS COSMOS photometric catalog to individual teams in the collaboration. The teams were asked to estimate photometric redshifts to galaxies using a calibrating sample containing spectroscopic redshifts. The spectroscopic redshifts were taken from the zCOSMOS compilation (Lilly et al. 2007 ). Only redshifts for sources in the CANDELS COSMOS area with clear emission line features were used with uncertain redshifts left out. The spectroscopic redshifts used here are all in public domain. However, for training purposes, a larger sample of unpublished spectroscopic redshifts were used from zCOSMOS (Mara Salvatoprivate communication). Measurements from different teams are in good agreement and also agreed with an independent sample of 448 high quality spectroscopic redshifts not used to calibrate the photometric redshift methods. A total of six individuals participated. Methods included various fitting codes using minimum χ 2 and MCMC along with varying Star Formation Histories (SFH). The details of these methods are outlined in Table  7 in the Appendix. Using simulations, we showed that one could determine redshifts to an accuracy of 0.025 in ∆z = (z phot − z spec )/(1 + z spec ). For each galaxy, we derived the median redshift from different methods and consider that as the redshift estimate for that galaxy. The confidence intervals were measured by combining the intervals from different methods, following the procedure used by Dahlen et al. (2013) . Taking the median of the photometric redshifts does not necessarily produce a better measurement as this depends heavily on the codes and templates used in calculating the redshift and the corresponding scatter when compared to the spectroscopic redshifts. Comparing with an independent sample of spectroscopic redshifts not used for photometric redshift training, we find that while taking the median reduces the outlier fractions compared to some of the individual codes, marginally lower outlier fractions are obtained using only a subset of the codes Comparison between photometric redshift and spectroscopic redshift for the CANDELS, COSMOS (Ilbert et al. 2013 ) and the 3D-HST (Skelton et al. 2014 ). The CANDELS photometric redshift correspond to the median value measured by the different methods.
(those of Wuyts, Gruetzbach and Salvato for this field). Given the relatively small number of spectroscopic redshifts available for this test (262), we do not consider the difference significant and choose to report the median of all the codes as our recommended best photometric redshift. Figure 11 shows a direct comparison between the photometric and spectroscopic redshifts for galaxies in the CANDELS COSMOS field, only using high quality spectroscopic redshifts. The training was done using a larger sample of spectroscopic redshifts in CAN-DELS COSMOS area from the zCOSMOS survey. These do not overlap with the comparison sample here, which is a smaller sub-sample that is in public domain. Figure 12 shows the spectroscopic redshift distributions of the training and comparison samples. The high quality spectroscopic redshifts used for the training of the photometric redshifts are available over the range 0 < z < 1 and hence photometric redshifts reported are most reliable for that redshift range. The values of the redshift difference, as defined in Dahlen et al. (2013) , along with the outlier fractions are listed in Table 4 . As mentioned above, reliable spectroscopic redshifts are available out to z ∼ 1 and the numbers listed in Table 4 are only representative for galaxies in this range. We cross-compared the CANDELS photometric redshift catalog with those from COSMOS (Ilbert et al. 2013 ) and 3D-HST (Skelton et al. 2014) . Figure 11 shows the comparison between the photometric and spectroscopic redshifts in the COSMOS and 3D-HST catalogs.
The rms values are listed in Table 4 and show similar trends as CANDELS COSMOS. We compare photometric redshifts between the CANDELS COSMOS and those from the COSMOS (Ilbert et al. 2013 ) and 3D-HST (Skelton et al. 2014) catalogs, in Figure 13 . The two photometric redshift comparison plots present the full scatter (σ F ≡ rms(∆z/(1 + z CANDELS ))), the normalized median absolute deviation (σ NMAD ≡ 1.48 × median(|∆z|/(1 + z CANDELS ))) and the scatter after excluding outliers (σ O ≡ rms(∆z/(1 + z CANDELS ))) as well as the outlier fraction (defined as fraction of objects with Figure 12 . Spectroscopic redshift distributions of the training set used to calibrate the photometric redshifts (in blue) and the independent comparison set (in red).
|∆z|/(1 + z CANDELS ) > 0.15). There is consistency in the photometric redshift measurements for the majority of galaxies. The spread seen in Figure 13 , is due to log-binning of the histograms and does not indicate any large inconsistency. Table 5 shows the photometric offsets measured from SED fitting for different bands. The offsets are measured through the SED fitting, simultaneously with photometric redshifts. Different independent SED fitting methods estimated the offsets and they agreed fairly well. The magnitude offsets were then used in the photometry to estimate the final photometric redshifts. The photometric redshifts have the correction for the photometric offsets but the photometry presented here is not corrected for the offset.
One method for estimating the photometric redshift uncertainties that is specially useful for fainter flux limits where not enough spectroscopic redshift information is available is the pair statistics estimates (Quadri & Williams 2010; Huang et al. 2013; Dahlen et al. 2013; Hsu et al. 2014 ). The method, as outlined in Dahlen et al. (2013) , relies on the fact that spatially close pairs (defined as objects with separation less than 15 arcsec) have a high probability of being associated with each other and therefore being at similar redshifts (Dahlen et al. 2013 ). This close-pair association would show up as excess power at small separations when compared to the distribution based on random galaxies (Dahlen et al. 2013) . Figure 14 shows the random and close pair photometric redshift difference distribution along with the excess distribution of the close pairs in photometric redshift after subtracting the photometric redshift distribution of the random galaxies. By fitting a Gaussian function to this excess distribution we measured an uncertainty of 0.017 ( √ 2 × σ Gaussian ) in the photometric redshift distribution. Mobasher et al. (2015) studied stellar mass measurement using CANDELS data. With extensive simulations, they explored different sources of uncertainty in stellar mass measurements and estimated the error budget as- a : Defined as fraction of objects with |∆z|/(1 + zspec) > 0.15 where ∆z = (z phot − zspec)/(1 + zspec) (Dahlen et al. 2013) , b : σ F ≡ rms(∆z/(1 + z CANDELS )), c : σ NMAD ≡ 1.48 × median(|∆z|/(1 + z CANDELS )), d : σ O ≡ rms(∆z/(1 + z CANDELS )) after removing the outliers, e : with reliable spectroscopic redshift used for the comparison. This is for objects with 0 < z < 1 and hence the reported numbers are valid for this redshift range where high quality spectroscopic redshifts are available. sociated with them. The stellar masses were measured from different methods independently and were compared with their expected (input) mass. All methods produced stellar masses in good agreement. We use the median mass (among all the methods) as the reported CANDELS estimate. As we discussed earlier, taking the median does not necessarily produce a more robust mass estimate because the results of individual codes used are not instances of the same stochastic process. The TFIT multi-waveband photometric catalog for the CANDELS COSMOS field was provided to the CAN-DELS teams outlined in Table 8 and they measured the stellar masses through separate SED fitting techniques. For all the independent measurements, redshifts were fixed to their median values (as described in the previous section). Given that the photometric redshifts are calibrated with a spectroscopic sample with 0 < z < 1, the stellar mass estimates are also well calibrated and most robust within this redshift range, as discussed in the previous section, although we report stellar mass estimates out to z ∼ 5 in this catalog. Some of the methods included nebular emission when fitting the SEDs as outlined in Table 8 . A total of eight entries were received from different teams. We measured the median stellar mass between different methods. We used the HodgesLehmann 19 method to estimate the median stellar mass which accounts for the small number of entries when measuring the median value. Figure 15 presents a direct comparison between different methods used to measure stellar masses. Here, we plot estimates from each method against the median from all the rest of the methods. There is good internal consistency between different methods and the tails seen in Figure 15 help identify where the outliers are in each method compared to the rest. These outliers will not bias our measurements as we report the median of 
Stellar Masses
positive offset: measured flux fainter than expected from template all methods for our final stellar mass measurements as demonstrated in Mobasher et al. (2015) .
The median stellar mass estimates from the CAN-DELS are compared to those from the COSMOS (Ilbert et al. 2013 ) and 3D-HST catalogs (Skelton et al. 2014) in Figure 16 . In these comparisons, we measure the scatter similarly to the photometric redshift where σ F ≡ rms(log(M CANDELS ) − log(M other )) and σ O ≡ rms(log(M CANDELS ) − log(M other )) after removing the outliers where outlier fraction is defined as the fraction of objects with ∆log(M ) ≡ (log(M CANDELS ) − log(M other ) > 0.5 , as shown on Figure 16 . The CANDELS stellar mass measurements are consistent with both COSMOS and 3D-HST stellar masses. The stellar mass offsets between CANDELS median measurement and 3D-HST and COSMOS are also plotted as a function of F160W magnitude in Figure 17 . As expected, the larger discrepancies between the stellar mass estimates occur at fainter magnitudes. The rms values of the stellar mass estimate offsets as defined above are presented in Table 6 as a function of H-band magnitude, confirming a good agreement at brighter magnitudes and an overall consistency for the majority of galaxies.
When measuring the stellar mass, we fit the SEDs by fixing redshifts to the median of the photometric redshifts from the CANDELS COSMOS team, as discussed in Section 5.1. Therefore, if the redshifts for the same galaxies are different in those from 3D-HST and COSMOS teams, the effect would propagate to the esti- Figure 14 . Top: Distribution of the photometric redshift difference for the random pair (black) and the close pairs, defined as objects with separation less than 15 arcsec (blue). Bottom: Distribution of the overdensity of the photometric redshift difference for close pairs. The distribution is observed in excess of the photometric redshift difference distribution of random galaxies that are subtracted (top panel) (Dahlen et al. 2013) . A Gaussian fit to the distribution gives the uncertainties associated with the redshifts. This test only characterizes the core of the photometric redshift errors and not the outlier rate. mated stellar masses. As a result, the observed offsets between the stellar mass values in Figures 16 and 17 could partly be explained by the discrepancy between the redshifts. To explore this, we studied the residual diagrams between redshifts and stellar masses for the three measurements. For this we look at the ratio of the stellar masses as measured by different methods (log(M CANDELS ) − log(M other )) as a function of the redshift difference (z CANDELS − z other )/(1 + z CANDELS ) in Figure 18 showing a 0.25 dex scatter in stellar mass for galaxies with similar redshifts. This is in agreement with results of Mobasher et al. (2015) , who measured the combined error budget in stellar mass values due to different parameters. Therefore, the distribution in residual mass here is consistent with the expected uncertainties in the stellar mass measurements (i.e the vertical scatter). The galaxies with deviant redshifts also have deviant stellar mass estimates, partly explaining the observed scatter between the CANDELS and 3D-HST and CANDELS and COSMOS stellar masses. Figure 19 compares the difference between stellar mass measurements with and without correction for nebular emission lines. This shows a small scatter (0.25 dex) in the stellar mass, consistent with Mobasher et al. (2015) , but no significant offset over the whole population over the large redshift range. Figure 15 . Comparisons of the reported stellar masses using eight different methods outlined in Table 8 versus the median stellar mass of all the other methods. The plots are shown as 2D histograms with logarithmic bins. We report the variations in the mass difference and the outliers as defined in Section 5.1 in each panel. Red and blue lines show the 90% and 70% stellar mass completeness limits for the general population of galaxies. The 90% (70%) completeness limit is defined in a sense that only < 10% (30%) of the galaxies could be missed in the low-mass end of the galaxy distribution.
Mass Completeness
We use the method introduced by Pozzetti et al. (2010) to estimate the stellar mass completeness limit of the general population of galaxies (see also Ilbert et al. 2013 and Darvish et al. 2015a) . Given the magnitude limit of the sample (H lim = 27.56; 5σ limiting magnitude in the F160W detection band), we assigned a limiting stellar mass (M lim ) to each galaxy. M lim is the stellar mass that a galaxy would have at its estimated redshift, if its apparent magnitude was the same as the magnitude limit of our sample (H lim = 27.56). This was evaluated by log(M lim /M ) = log(M/M ) + 0.4(H − H lim ), where M is the estimated stellar mass of the galaxy with its apparent magnitude H. This results in a distribution of M lim values at any given redshift. The 90% (70%) stellar mass completeness limit at each redshift is therefore equivalent to the mass with 90% (70%) of the galaxies having their M lim value below the stellar mass completeness limit. In general, the stellar mass completeness limit depends on the M/L ratio and is higher for quiescent and dusty galaxies. The stellar mass estimate is also sensitive to the presence of the Balmer break in the SED of galaxies. At z ∼ > 3 the WFC3 H-band will no longer be probing the Balmer break and a redder filter (such as K s -band or 3.6 µm) is more suited at estimating the stellar mass at these redshifts (Ilbert et al. 2013) . Using the UltraVISTA K s band limiting magnitude reported in Table 1 , we found that while the completeness estimates change at z ∼ > 3, the deviations are at the level of 0.1-0.2 dex which is within the stellar mass uncertainties. Figure 20 shows the distribution of stellar mass as a function of redshift, along with the estimated 90% and 70% completeness limits.
6. APPLICATION TO 2 < Z < 5 GALAXIES 6.1. Star-forming Galaxies at z ∼ 4 − 5 One of the main methods of identifying high redshift galaxies is by targeting the pronounced Lyman break at rest-frame 912Å that exist in the SED of these galaxies (e.g. Pettini et al. 2002; Shapley et al. 2003; Bolton & Haehnelt 2013; Faucher-Giguère et al. 2015; Williams et al. 2015) . The break is caused by the absorption of the UV light from hot and young stars by the neutral Hydrogen (Madau 1995; Madau et al. 1996) . Because of this break in the SED, these galaxies would be un-detected in the bluer bands and appear in the redder filters (the so-called drop-out technique or LBG selection; Madau et al. 1996; Steidel et al. 1999; Giavalisco 2002; Stark et al. 2009 ). This technique has been used extensively over the past few years in conjunction with deep multiwaveband data and spectroscopic observations to identify and study star-forming galaxies all the way to the cosmic dawn and epoch of reionization (e.g. Yan & Windhorst 2004; Stark et al. 2011; Capak et al. 2011; Steidel et al. 2011; Oesch et al. 2013; Treu et al. 2013; Bouwens et al. 2014; Oesch et al. 2015) .
Here we use the following LBG color selection from Bouwens et al. (2015) to identify candidates at z ∼ 4 and z ∼ 5 respectively:
for the B-dropout and:
for the V -dropout. Figure 21 shows the color-color diagrams for the B-dropout and V -dropout selections and the corresponding photometry used along with the photometric redshift distribution of the selected candidates, as measured in the previous section. The LBG Figure 21 . The LBGs selected from CANDELS COSMOS catalog using the selection criteria from Bouwens et al. (2015) as outlined in the text. B-dropout and V -dropout galaxies are shown by blue points in the shaded selection areas with other sources shown by orange points. Sources that fall within the color selection but are not detected do not satisfy the non-detection S/N limit on the blue bands and mostly sit at the boundary of the selection. The subplots in each panel shows the distribution of photometric redshifts of selected galaxies. Figure 22 . The BzK (left), V JL (middle) and iHM (left) color-color plots (Daddi et al. 2004; Guo et al. 2012 Guo et al. , 2013 showing the star-forming and passive galaxies positions at z ∼ 1.5, z ∼ 2.5 and z ∼ 3.5 respectively. The star forming and quiescent population are plotted in blue and red in both diagrams. The corresponding colors of stars in our catalog (identified from SExtractor CLASS STAR parameter) are shown in each plot with grey symbols. BzK plot shows the predicted colors of stars as reported by Daddi et al. (2004) . We further show the colors of model stars from the BaSeL library (Lejeune et al. 1997; Westera et al. 2002) as magenta diamonds in the V JL and iHM plots. The inset in the plots show the photometric redshift distribution (Section 5) of the star forming and quiescent populations identified by the corresponding color selections. The redshift distributions of the identified sources are consistent with expectations from the well calibrated color selections further verifying our photometry.
selected sources have photometric redshifts consistent with the selections. There are five spectroscopically confirmed sources (three in the B-dropout and two in the V -dropout) among the selected candidates with colors consistent with the corresponding criteria.
6.2. Passively Evolving Galaxies at z > 1 The presence of passively evolving galaxies at z ∼ 2 has been established for some time now (Daddi et al. 2005; Papovich et al. 2006; Kriek et al. 2006 Kriek et al. , 2008 Kriek et al. , 2009 Ilbert et al. 2013; Muzzin et al. 2013; Papovich et al. 2015) . These galaxies are argued to be the progenitors of the most massive systems that form the red sequence at low redshifts (Cassata et al. 2013; Williams et al. 2014; Barro et al. 2014 ). In the past few years there have been several studies that predict the presence of these systems at z ∼ 3 (Nayyeri et al. 2014; Wang et al. 2016 ) and some predictions as high as z ∼ 5 − 6 (Mobasher et al. 2005; Wiklind et al. 2008 ). Identification of these objects requires deep observations in infrared wavelengths where they have the peak of their emission due to colder and redder stars (Wuyts et al. 2007; Nayyeri et al. 2014) . The CANDELS COSMOS deep HST/WFC3 near infrared observations and the Spitzer/IRAC TFIT photometry measurements are crucial in separating red galaxies from blends of fainter sources and lower redshift dusty star-forming galaxies. The multi-band data in the CAN-DELS COSMOS, especially the wealth of data available on both sides of the Balmer/4000Å break help constrain the SEDs of old systems and separate them from the red dusty star-forming galaxies.
One well-known color-color diagram is the BzK color plot that is used to identify star-forming and quiescent galaxies at z ∼ 1 − 2 (Daddi et al. 2004 ). The BzK method uses (z − K) vs. (B − z) colors of galaxies to separate the two populations at high redshift (Daddi et al. 2004 (Daddi et al. , 2007 . This is mostly based on the presence of the Balmer/4000Å break in the SED of older galax-ies that is observed in the (z − K) color at z ∼ 1 − 2. The color selection diagram is such that objects with a BzK ≡ (z − K) − (B − z) > −0.2 are identified as actively star-forming galaxies at z ∼ 1 − 2 while objects with a BzK < −0.2 and (z − K) > 2.5 are identified as passively evolving systems at similar redshifts. Variations of the BzK diagram can be used to extend this method to higher redshifts (Daddi et al. 2004; Guo et al. 2012) . The so-called V JL and iHM diagrams use the (J − 3.6 µm) vs. (V − J) and (H − 4.5 µm) vs. (i − H) colors to identify star-forming and quiescent galaxies at z ∼ 2.5 and 3.5 respectively. It is based on the same principle as the BzK diagram with the (J − 3.6 µm) and (H − 4.5 µm) colors probing the 4000Å break at higher redshifts.
We use the BzK, V JL and iHM selections (Daddi et al. 2004; Guo et al. 2012 ) to identify passively evolving systems in the CANDELS COSMOS at z > 1. Figure 22 shows the BzK color-color plot along with the higher redshift V JL and iHM plots. The star-forming and quiescent galaxies in each plot are identified in the blue and red regions respectively. The inset in each plot shows the photometric redshift distribution. As expected, these sources are very red in both the (B − z) and (z − K) colors and the corresponding ones in the V JL and iHM diagrams. This is indicative of the pronounced Balmer/4000Å break in the SED of these galaxies and the general old stellar population. Figure 22 inset shows the redshift distribution of the quiescent galaxies in red. The BzK identified passive systems have a mean photometric redshift of z = 1.61 and a distribution that is consistent with the population being at z > 1. Furthermore this population has a mean stellar mass of 10 10.97 M . The photometric redshift and stellar mass distributions and mean values along with the colors of the passive BzK galaxies are consistent with the quiescent galaxy selection at high redshift. One of the passive galaxies identified in the CANDELS COSMOS area has been spectroscopically confirmed at z = 1.265. This galaxy has a stellar mass of 10 10.98 M and photometric redshift of z phot = 1.29 consistent with the spectroscopic redshift and with the galaxy being massive and old at z > 1. The V JL selected passive systems have mean photometric redshift of z = 2.33 and mean stellar mass of 10 11.03 M . The photometric redshift and mass distributions are consistent with passive old galaxy selection at z ∼ 2 − 3. The iHM redshift distribution shows a bi-modality with a large fraction of lower redshift galaxies in the selection. Guo et al. (2012) discussed the 50% contaminant fraction in the iHM color selection. We have 16 spectroscopically confirmed star-forming galaxies in the BzK plot at z ∼ 1.5 and two at z ∼ 2.5 in the V JL. All these sources have colors consistent with the expected values from the selection criteria. There is only one source in the spectroscopic sample with z spec = 1.564 with inconsistent (B − z) and (z − K) colors compared to what is expected for the sBzK sample. This source has z phot = 0.682 and is one of the outliers in Figure 11 .
The BzK color diagram is well calibrated using large and highly complete spectroscopic samples of galaxies (Daddi et al. 2004 ) and furthermore it predicts the location of stars on the (z − K) vs. (B − z) plane (through the criterion (z − K) < 0.3(B − z) − 0.5; Daddi et al. 2004 ). Guo et al. (2012) recently extended this analysis to higher redshifts using redder filters and in particular the Spitzer 3.6 µm and 4.5 µm observations. This allows us to examine the colors of the stars measured in our catalog against predictions made by the BzK, V JL and iHM color-color diagrams. Figure 22 shows the BzK colors of point sources from our catalog, identified from the SExtractor CLASS STAR parameter, along with the predicted locus from Daddi et al. (2004) . We further show the (J − 3.6 µm) vs. (V − J) and (H − 4.5 µm) vs. (i − H) colors of stars in our catalog along with the corresponding synthetic colors of stars from BaSeL stellar library (Lejeune et al. 1997; Westera et al. 2002 ) similar to Guo et al. (2012) . We see from Figure 22 that the measured near infrared and specifically infrared Spitzer colors of the stars in our catalog are consistent with the predictions from stellar models.
7. SUMMARY We used CANDELS HST/WFC3 and ACS observations over a 216 arcmin 2 area of the COSMOS field to construct a multi-wavelength catalog of galaxies that is selected in the WFC3 F160W band. The catalog contains photometry for 38671 sources from ∼ 0.3 − 8 µm along with physical properties.
• We used SExtractor to measure the photometry of objects in the high resolution (HST/WFC3 and ACS) bands. This also becomes the reference catalog to measure the photometry in the low resolution (ground-based and Spitzer/IRAC) bands. SExtractor was run using two sets of parameters (the so-called hot and cold modes) that were adjusted to detect both faint/small and bright/blended objects with the combined catalog getting contributions from both.
• We used TFIT to measure the photometry in the low resolution bands. This involves using prior information from the high resolution SExtractor runs (the position and light distribution profiles) to construct templates that were fit to objects in the low resolution image and from which the photometry was measured.
• Our combined final catalog contains photometry in all four HST bands observed by CANDELS (two ACS and two WFC3), the optical broadband and narrow-band observations by Subaru, optical data by CFHT, near infrared medium-band and broad-band observations by NEWFIRM and UVISTA respectively and infrared observations by Spitzer/IRAC in all four channels.
• We measured the photometric redshift and physical properties of all the objects in our catalog through SED fitting using various codes and reporting the median values with corresponding uncertainties.
• We selected star-forming galaxies from LBG selections using our measured photometry at 3 < z < 5 and quiescent systems from BzK and V JL selections at z > 1. The photometric redshift distribution of the candidates along with spectroscopic confirmations further verifies the measured photometry.
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APPENDIX A: THE HOT/COLD MODE SEXTRACTOR PARAMETERS The cold mode SExtractor parameters were optimized to detect the bright galaxies while avoiding deblended sources. For this reason we use a Tophat filter with a small deblending threshold and minimum count. The hot mode was adjusted to detect low surface brightness and small galaxies. Therefore we chose a Gaussian filter which is more suitable for smaller targets and larger deblending parameters. The main SExtractor parameters are listed below with the differences in the cold/hot mode marked in bold. Wuyts et al. (2011) Notes. See Mobasher et al. (2015) and Santini et al. (2015) for more detail. † : also without nebular emission included. 
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